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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

MEASUREMENTS OF AERODYNAMIC CHARACTERISTICS OF A

35° SWEPTBACK NACA 65-009 AIRFOIL MODEL WITH %—CHDRD

FLAP HAVING A 31-FERCENT-FLAP-CHORD OVERHANG
BALANCE BY THE NACA WING-FLOW METHOD

By Harold I. Johnson and Harold R. Goodman
SUMMARY

An untapered 350 sweptback alrfoll-flap model, representative of
either a wing or a tall surface, bhas been fitted with several %—chord

full-span flaps differing only in type of serodynamic balance. A plain
flep, a horn-belenced flep, and & beveled-trailing-edge flap have
already been tested and the subject investigatlion was made with s flap
that had a 31l-percent-flaep-chord overhang balasnce. Some of the more
important results are as follows:

The general trends of the aerodynemic parameters wlth Mach number
were similar to those previously measured with other types of fleps on
the model. The overhang-belanced flep was slightly more effective in
producing 1ift than a comparasble plain flap below a Mach number of 1.05.
Between Mach numbers of 1.05 and 1.17, the converse was true. The over-
heng balance tested was relatively lneffective in reducing the hinge-
moment veriastion with either angle of attack or flap deflection. Below
a Mach number of 0.90, the hinge moment due to flap deflection was
reduced approximstely 30 percent by use of the overhang balance, but the
hinge moment due to angle of attack was sensibly unaffected. Between
Mach pumbers of 0.90 and 1.00, the overhang balance lost ite effective-
ness and at Mach numbers between 1.00 and 1.15, there was no clearcut
difference between the hinge-moment characteristics of the overhang-
balanced flep and those of a compareble plain flap.

CORPEMANTIN. UNCLASSIFIED
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INTRODUCTION

A wing-flow invegtigation has been mede ta obtain the hinge-moment
and effectiveness characteristics in the transonic speed range of
trailing-edge controls incorporating various important types of subsonic
aerodynamic balance. In these tests, an untapered 35° sweptback airfoil-
flap combination, representative of either & wing or a tall surface, was

fitted with 1r—chc:rd full-span flaps which differed solely in type of

serodynamic balance. As an adjunct to flap-characteristics data, meas-
urements of model 1ift and pitching mament with flap fixed were also
obtained. The charscteristics of & plain flap representing zeroc aero-
dynamic balance were reported in reference 1. The characteristics of a
horn-balenced flap were reported in reference 2. The characteristics
of & beveled-tralling-edge flap and trim tab were reported in refer-
ence 3. - The data presented herein are from tests of an overhang- .
balanced flep.

The tests consisted of measureménts of the lift, pitching moments,
and hinge moments acting on a semispan airfoil-flap model having s
sweepback angle of 35°, an aspect ratio of 3.06, a taper ratic of 1.0,
an NACA 65-009 section in planes perpendicular to the leading edge, and

a full-span true-cantour E-chord flap having an overhang balance of

31 percent of the flap ch8rd. Data were obtained over an angle—of—
attack range of -5° to 307, a flap-deflection range of -18° to 20° ;8
Mach number raenge of 0.55 to 1.17, and a Reynolds number range of about
500,000 to 1, hOO 000. Inasmuch as the tests were made at two widely
separated’ altitude ranges, Reynolds number effects could be investigated;
however, the highest Reynolds number encountered was smell in comperison
with probable full-scale Reynolds numbers.

SYMBOLS
M '~ average Mach number over model
Ma girplane free-gtream Mach number
QA slrplane free-stream dypamic.pressure
q average dynamic bressure over model
Sp girplane wing area
S total model area (semispan-wing area)

e
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girplane 1ift coefficient (MIP S -
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model 1ift coefficienmt (Modeié..slift)

model spafl normel to wind direction

model chord in streamwise direction

model mean aerodynamic chord

model pitching-moment coefficient (measured about axis
17.8 percent M.A.C. ashead of leading edge of M.A.C.)

Model pltching moment
=

model flap span along hinge line of semlspan model wing

flap root-mean-square chord perpendicular to hinge line

del hihge moment\
qbsEs> /

model hinge-moment coefficient <M°

angle of attack; angle between model chord plene snd direction
of relative wind

flap deflection; angle between flap chord line and airfoll
chord line measured in plene perpendiculsr to hinge line

variation of model 1ift coefficient with angle of attack,
(&=
per degree S )

variation of model llft coefficient wi‘bh flap deflection,

oC
per degree BS_L

' véariation of model pit(gcng-mment coefficient with angle of

' attack, per degree Er.—)

variation of model pit -moment coefficient with flap
deflection, per degree - 5
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Chg, variation of flsp hi -moment coefficient with model angle of
attack, per degree EEE

Chg varistion of flap hinge-moment coefficient with flap deflection,

per degree gg%

A5

%% flap relative effectlveness (gg%ésaf)
A sweepback angle

taper ratio
A aspect ratio
ce flap chord in streamwise direction
Se flap area rear of hinge line
Ch overhang-balance chord perpendicular to hinge line
¢ included traillng-edge angle of flap in plane perpendicular

to hinge line
APPARATUS

The model weas mounted on the upper surface of an F-51D airplane
wing as described in reference 1. The variation of the local velocity
near the wing surface at the model location 1s shown in figure 1 and
the vertlcael local veloclty greadient at the model location is presented
in figure 2. Both gradients were measured with the model removed.

Model force and moment coefficlents were bssed on an average dynamic
pressure corresponding to an average Mach number over the model area.

As indicated by figure 2, the effect of the F-51D wing boundary layer

on the velocity distribution over the model was neglected. This proce-
dure is considered Justifiable because the thickness of the boundary .
layer as determined from other investigations was of the same order of
magnitude as the distance from the .F-51D wing surface to the top of the
model end plate. Model flexibility effects are small and were neglected.
Reference 1 contains a somewhat more detailed discussion of these
effects. '

A photograph of the model with end plate 1s shown as figure 3. The
model was machined from solid durelumin and the thin circular end plate,
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having a diameter equal to the model chord, was fastened to the mgdel
root to simulate semispan tests. The flep tang passed through a §-inch-

diameter hole in the end plate. The gap at the leading edge of the flap
was equal to 0.013 inch (0.004T) and was left unsealed for all tests.
The chord of the overhsng balance was constant and equal to 31 percent
of the flap chord resrward of the hinge line. A detall drawing of the
model including a list of geometric charecteristics is presented in
figure k. A description of the recording instrumentation may be found
in reference 2.

TESTS

The data presented herein were obtained from two flights. In the
first flight, the model was fiked at zero angle of attack relative to
the airplane X-axis and continuous data were recorded as the flap was
oscillated through a deflection range of about #20°. In the second
Plight, the flap was fixed at 0° and continuocus data were recorded as
the mgdel was osclllated through an angle-of-attack range of about 59
to 307. The model oscillation period was about 1 second and the flap
oscillation period was about 0.6 second. By using these rates of oscil-
lation, data were obtained contlinuocusly throughout the deflection and
angle-of-attack ranges at substantlally constant Masch number without
introducing any measurable aserodynamic lag except at angles of attack in
the region of the stall (o a 15°).

Each flight consisted of two test runs, referred to hereinafter as
the "high dive" run and the "level flight" run. The high-dive run was
made by diving the airplane from 28,000 feet from an indicated airspeed
of 220 miles per hour to an airplane Mach number of 0.73 at approxi-
mately 18,000 feet. During this run usable data were obtained for an
aversge Mach number range over the model of 0.65 to 1.17 at relatively
lower Reynolds numbers. The level-flight run was made by gradually
slowing the airplane from an indicated airspeed of 450 miles per hour
to 300 miles per hour at an altitude of 5,000 feet following the pull-
out of a dive from 15,000 feet altitude. During this run, usable data
were obtained for average Mach numbers over the model ranging from 0.55
to 0.95 at comparstively higher Reynolds numbers. Typical varlations
of Reynolds number with Mach number for the two types of test runs are

given in figure 5.
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ACCURACY

The accuracy of the major variables in this investigation was
estimated to be within the following limits:

Mech NUADET . & « & & ¢ o o ¢ « ¢ s « & ¢ s o s o o s ¢ o« o+ o« « « 0,01
Angle of attack, degrees . . . . ¢ ¢ ¢ ¢ o ¢ ¢ ¢ ¢ o s e s o8 .. +0.3
Flap angle, G2grees . ¢« « « o« o« o s o « o« o o o o o s o » o s o = 0.3
Lift coefficient . . ¢« @ ¢ ¢ ¢ o« ¢ ¢ v « o ¢ o o« ¢« s a s o« « o « £0.03
Pitching-moment coefficient . . « &« &« ¢ ¢ ¢ ¢ ¢ ¢« ¢ ¢ ¢ ¢ ¢« « « « £0.015
Hinge-moment coefficlent .« . ¢« ¢ ¢ &« ¢ ¢ o ¢« « « o 2 o« o « « « « £0.003

Accurecies of the last three varlables listed are glven for the
lowest test speed; at the highest test speed, these accuracies should
be approximately four times better. A large pert of the loss in
accuracy was attributable to shifts in Iinstrument zeros thet occurred
gradually during a flight. Hence, the errors in the data appear for
the most part as errors in angles of zero 1lift, angles of zero pitching
moment, and angles of zero hinge moment. Because the data at any given
Mach number were obtained within a very short period of time (of the
order of 1 second), the slopes of the various force- and moment-
coefficient curves should be accurate to a degree gpproaching the
instrument capabilities, which, in the present case, add up to about
2 percent of the force and moment ranges measured at intermediate test
speeds,

PRESENTATION OF DATA

All force and moment coefficlents are presented in accordence with
standard NACA conventions regarding definitions and signs. Pitching
moments were measured about an axis located 17.8 percent of the mean
serodynamic chord shead of the leading edge of the mean amerodynamic
chord.

Two typical plots of baslc data consisting of test points evaluated
gt one Mach number from the continuous records of force, maments, and
position are presented in figure 6. These plots are included to 1llus-
trate the nature of the data and the number of test points evaluated at
each Mach number inasmuch as the main body of basic data 1s presented
without showing test points in the interest of clarity and brevity. As
1llustrated in figure 6(a), & small amount of aerodynsmic hysteresis
was sometimes found at angles of attack in the region of the stall.
Where this hysteresls occurred, the deta were elways faired according
to the test points meassured during the increasing engle-of-attack por-
tion of the oscillation. The hinge-moment data showed a perceptible
amount of hysteresls that was approximately constant at all angles of
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attack and flap deflections. This hysteresis resulted from improper
electricel dasmping of the strain-gage circult used to record hinge
moment; however, eny error resulting from such hysteresis tends to be
eliminsted by.the procedure used of fairing the dete obtalned from a
complete oscilletion. .

The following table gives the order of treatment of the basic data
asg well as a key to the figures:

Lift = =

Cr, against al® =0%) . & & & v v v it e e e e e e e e e e T
attained against M . . ¢ & ¢ ¢ ¢ ¢« € ¢ o« o « o o o s o 8

Clmax

CL &g&inﬂt 8((1 z 00) e § ¢ 8 & 4 & ® & € & € 9 € s 8 6 e« ¢ @ 9

Pitching moment:

Cm against o8 = 0°)
Cm against B(a™ 0%) . . . v o v v ¢« ¢ o ¢ ¢ o o o o o «» . 11

L}
L]
L]
.
'—l
(@]

Hinge moment:

Cp egalnst a(d

30 N, T~
Cp egainst 8(a x 0°)

. « s e . ¢« & & & & @ e & = & e & s & = 13

The following table gives the order of treatment of the summary
date as well as a key to the figures:

Lift:

CLg» CLS,%again'stl-i..................lll-

Pitching moment:

Cmys Cmp, 8erodynamic center, center of pressure due to B
against M - - . ’ L] L] L L - L] - L L - . L L - - . - - - L] - - 15

"Hinge moment:

Ch, &eeinst M(a =0°, 8 =0
Chy &gainst M(a =~ 0%, & = 0°
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DISCUSSION OF BASIC DATA
Lift Charsacteristics
Lift due to angle of attack.- The variation of 1lift coceffilclent

with angle of sttack for a fiap deflection of 0° for both the high-dive
end level-flight runs 1is presented in figure T.

The lift-curve slope at a = 0° was substantially unaffected by
Mach number. An increase in lift-curve slope with increasing angle of
attack was present at subsonic Mach numbers as was noted in reference 2.

Within the test angle-of-attack range (-5° to 300) maximum 1ift or
a value of 1ift close to maximum 1ift was obtained. In figure 8, the
varlation of the maximum 1ift coefficlents attained over the test angle-
of ~attack renge 1s plotted against Mach number. The curve shows &
slight decrease in maximum 1lift from & Mach number of M = 0.55 to
M =0.75 followed by & rapid increase in maximum 1ift coefficlent with
increasing Mach number in the transonic speed range. These data are in
good agreement with the trend obtained frqm similar less- ccmplete data
presented In reference 1.

Reynolds number had little effect upon either the shape of the 1lift
curves or the maximum 1ift coefficients attalned.

Lift due to flep deflection.-~ The varilation of 1ift coefficient
with flap deflection for a = O° for both the high-dive and level-
flight runs 1s presented in figure 9.

The data Indicate the flap produced 1lift effectively throughout the
Mach number and deflectlon ranges tested. At speeds below M = 0.95,
there was some evidence of decreasing flap effectiveness st flap angles
gregter than 15 At Mach mumbers of 0.95 and 1.00, the flep effective-
ness was slightly less at small deflections than at large deflections.
At Mach numbers of 1.05 to 1.17, the variation of 1ift with flap deflec-
tion tended tu be linear over the entire renge of flap angles covered.
The effects of Reynoclds number on the flep effectiveness appear to be
very small - of the order of magnitude of possible experimental error.

Pitching-Moment Characteristics

Pitching moment due to angle of attack.- The variations of
pitching-moment coefficient with angle of attack for a flap deflection
of 0° are shown in figure 10. Pitching moments were measured about an
axis located 17.8 percent of the mean aerodynsmic chord ahead of the
leading edge of the mean aerodynamic chord. Because the pitching
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moments were mesasured sbout an axls well forward of the model aero-
dynamic center, the curves Indicate primerily the varlation of 1ift
coefficient with angle of attack rather than any small wvariations in
aerodynamic-center position.

The data of figure 10 indlcate the airfoil developed measurable
amounts of pitching moment at zero angle of attack in spite of having a
symmetrical section. This result is believed to be caused by local
flow curvatures along the model chord. In any application of the data
to a symmetrical sectlon, of course, the date should be interpreted to
give zero 1ift, pitching moment, and hinge moment at zerc angles of
attack and flep deflectlon. For this purpose, it is suggested the
curves be shifted vertically rather than along the angle-of—attack or
flap-deflection axes.

Pitching moment due to flap deflection.~ The variations of the
pitching-moment coefficient with flap deflection for o 0° are
presented In figure 11, end these data show the same general trends as
the lift-coefficient variation with flap deflectlon.

Hinge-Moment Characteristics

Hinge moment due to angle of attack.- Figure 12 shows the veria-
tions of hinge-moment coefficlent with angle of attack for zero flap
deflection. Throughout the angle-of-attack range and et all Mach num-
bers (except above stall at M = 0.95), the slopes of the hinge-moment
curves were negetlve; this characterlistic indicates a tendency of the
flap to float with the relative wind. In the low angle-of-attack range
at Mech numbers below 0.95, the slope of the curves 1s moderate and then
gsteepens with lncrease in the angle of attack. With an increase in Mach
number to supersonlc values, the slopes of the hinge-moment curves
become strongly negative at all angles of atteck. This trend is charac-
teristic of conventional trailing-edge controls, and it indicates that
the predictions of simple theary for the unswept wing apply quaellitatively
to this case also.

The over-all sheapes of the hinge-moment curves were not msterislly -
affected by Reynolds mmber; however, the curves were somewhat less
steep near zero angle of attack for the higher Reynclds number level-
flight data, which indicates an incressing degree of balance with
Increasing Reynolds number.

Hinge moment due to flap deflection.- The variations of hinge-
moment coefficient with flap deflection at o ~0° are presented In
figure 13. Below & Mach mumber of 0.90, the flap shcwed approximstely
uniform balancing for flap deflections up to about #¥8°. Above a Mach
number of 0.90, the hinge moment due to flap deflection increased
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rapidly with increasing Mach number up to a Mach number of 1.05, the
increase indicating & loss in balsnce. At supersonic Mach numbers the
flap showed spproximately uniform balsnce for deflections up to +6°,

At these Mach numbers the hinge-moment curves were steepest at small
deflections, whereas at subsonic speeds the converse was true., The
main effect of increasing Reynolds number was tc extend slightly the
flap~-deflection range for uniform balancing at subsonic speeds.

DISCUSSION OF SUMMARY DATA

Lift Charscteristics

Lift-curve slope.- The varietion with Mach number of CLy mea.sured
st a = 0° 1s presented in figure 1lk. The data are in good agreement
with the lift-curve slopes for both the horn-balanced-flap model of
reference 2 and the beveled-trailing-edge-flap model of reference 3.

For the plan form tested, the lift-curve slope was relatively unaffected
by compressibllity throughout the Mach number range investigated.
Reynolds number had no conslstent measurable effect upon the lift -curve
slope.

Flap effectiveness.- The absolute flap effectiveness CLg measured

at 5 =0° and aw 0° is plotted ageinst Mach mumber in figure k.
For purposes of comparison, previously unpublished data obtained recently
from tests of a three-hinge plain-flap model are also presented. The
two-hinge plain-flap data of reference 1 were not used for comparison
purposes becsuse some differences were found between the results for

the plain flsps having two and three hinges. These differences were
ascribed to different effects of aerocelastic distortion, perticularly

in bending, of the flaps because of the different hinge configurations.
It may be stated, however, that these differences were generally smsall,
and any major conclusions drawn from the original iwo-hinge plain-flep
tests would apply also to the results obtained from the three-hinge
plain-flap tests. The data in figure 14 show that the overhang-balanced
flap lost absolute effectiveness (CLgy decreased with increase in

Msch number from M = 0.55 to M = 1.0. The effectiveness then became
substantially invariant with further increase in Mach npumber to a Mach
number of 1.17. The overhang-balanced flap was slightly more effective
than the plain flap below a Mach number of 1.05. With further increase
in Mach number the absolute effectiveness of the plain flap was slightly
higher. The 1ift effectiveness of the overhang-balanced flap was
unaffected by change in Reynolds number within the range tested.

_The variation of the relative flap effectiveness Jo/dd with Mach
mmber is also shown in figure 14, The curve shows a continuing loss
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in effectiveness with increasing Mach number to a2 Mach number of 1.0,
followed by approximately constant reletive effectiveness at higher
Mach numbers. The curve 1s similar in shape to the relative-flap-
effectiveness- curves of references 1 and 2, but the magnitude of the
relative effectiveness was somewhat greater for the overhang-balanced
flap than for eilther the plain flap or the horn-balanced flap. The
beveled-trailing-edge flap of reference 3 had slightly greater relative
effectiveness at supersonic speeds but also had less at subsonic speeds
than the overhang-balanced flap.

Pitching-Moment Characteristics

Pitching-moment coefficient per degree e of attack.- The
pitching-moment slope Cmy, measured at o 2 0° and 8 = 09, is

plotted agalnst Mach number in figure 15. The pitching-moment slope
was constant to a Mach number of 0.70. With further increase in speed
the slope increased to & Mach number of about 1.075 and then reduced
glightly in value. Reynolds number effects were negligible.

Pitching moment per degree flap deflectlon.- The variation of Cmg
with Mach number, measured at o a 0° and & = 0%, is also shown in
figure 15. The pitching moment per degree flap sngle did not change
with Mach number to a Mach number of 0.90. The varistion with Mach
number which occurred at Mach numbers sbove 0.9 was due primerily to
" the variasbtion in 1ift per degree flap deflection rather than to change
in the location of the center of pressure. Reynolds number- -had no
measurable effect upon the slopes of the curves.

Aerodynemic~center location.- The positions of the serodynemic
center obtained at a = 0° and B = 0° are plotted against Mach num-
ber in figure 15. With an increase in Msch number from 0.55 to 0.7O,
the aerodynamic center moved forward from 20 percent to 16 percent
mean aerodynsmic chord. In this connection, the Weissinger theory
predicts a low-speed serodynsmic-center poslition of 20 percent mean
aerodynamic chord for the plan form tested. With a further increase in
Mach number, there is & gradusl rearward movement in serodynamic-center
location to 31 percent mean serodynamic chord at a Mach number of 1.05.
The aerodynamic-center position is then essentially inverlant with Mach
number from a Mach number of 1.05 to a Mach number of 1.15. Reynoclds
number had no measurable effect on the aerodynamic-center position.

Center of pressure due to flap deflection.- The position of the
center of gressure of 1ift due to flsp deflection obtained at a =0°
and & =0 is plotted against Mach number in figure 15. There was a
fairly steady rearward movement of the center of pressure of 1lift due
to flap deflectlion over the test Mach number rsnge, a movemeént from
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60 percent mean serodynamic chord to 96 percent mean aerodynamic chord
for a variation in Mach number from M = 0.55 to M = 1..15.

Hinge-Moment Characteristics

Flap floating tendency Chq.- The rate of change of hinge moment

with angle of attack for a ™~ 0° and B = 0° 1is plotted agelnst Mach
number in figure 16. The overhang-balenced flap had a moderate negative
floeting tendency below M = 0.85. With an increase in Mach number
from M = 0.85, the negative floating tendency (tendency to float with
the relative wind) increased to a meximum and was very large at a Mach
number of 1.05. With a further increase in Maech number to the highest
test Mach number the negative floating tendency decreased slightly.
The effect of Reynolds mumber is evlident; Increasing Reynclds number in
the subsonic Mach number range reduced the negative floating tendency
of the flap appreciably. Also presented for purposes of comparison are
previously unpublished data from the tests of the three-hinge plain-
flep model with geometrlc characteristics similaer to the overhang-
balanced-flap model but with a flap gap of 0.015 inch., These data show
that, below a Mach number of 0.85, and in the higher Reynolds number
range of the level-flight run, the plain flap had lees tendency to float
with the relative wind than the overhang-balanced flap. However, for
the same Mach number range at the lower Reynolds numbers of the high-
dive runs, the plain flap and the overhang-balanced flap hed similaxr
negative floating tendencies. Within the Mach number range of M = 0.85-
to M = 1.0, the plain flap exhibited a large varlation of flap floating
tendency because the basic hinge-moment curves were very nonlinear. The
basic hinge-moment curves for the coverhsng-bslanced flap were more
nearly linear so that the slopes showed a relatively more gradual
increase in the transonic speed range. Above a Mach number of 1.05,
the plain Flep again exhibited less negative floating tendency than the
overhang-balanced flap. On the baslis of these results, therefore, it
appears that the overhang balance tested is Ineffective for reducing
the hinge moment due to angle of attack on untapered wings of small
sweepback.

Flap restoring tendency Chg.~ The rate of change of hinge-moment

coefficlent with flep deflection at « #0° and & =0° 1is plotted
against Mach number in figure 16. In addition to the overhang-balsnced-
flap data there are slso presented datae from the previously unpublished
tests of a dimensionally similar three-hinge plsin-flap model. A com-
parison of-these date shows that below & Mach number of 0.90 and over
the Reynolds number range covered, the overhang balance reduced the
hinge moments due to deflectlon approximately 30 percent. Above a Mach
mmber of 0.90, the overhang balsnce raplidly lost effectiveness toc the
extent that, at a Msch number of 1.0 the plaln flsp had less unbalenced
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hinge moment than the overhang-balasnced flsp. At low supersonic speeds
there was no practical difference between the hinge moments of the
plain flap and the overhang-balanced flap. The rapid loss in
aerodynamlc-balance effectiveness of the overhang-balanced flsp at
Mach numbers above M = 0.9 and the large hinge moments sbove M =1.0
indicate the overhang balance is lneffective in the transonic and low-
supersonic speed range. However, because the 3l-percent-flap-chord
overhang balance tested was relatively ineffective even at subsonic
speeds, the possibility exists that & flap having a greater overhang
might exhibit better hinge-moment characteristics throughout the

entire Mach number range investigated.

CONCLUSIONS

On the basls of wing-flow tests of a full-span %—chord flap having

a 3l-percent-flap-chord overhang balance mounted on a 35° sweptback
untapered NACA 65-009 sirfoil model of aspect ratio 3.06, the
following conclusions were reached:

l. The general varilstions in 1ift, pitching-moment, and hinge-
moment charecteristics with Mach number were approximstely the same as
those measured previously with plain, horn-balanced, and beveled- '
trailing-edge flaps mounted on the model. Within the range tested,
Reynolds number had no measurable effect on 1ift or pitching-moment
characteristics; however, lncreasing the Reynclds number by & factor
of sbout 2 increased the aerocdynamic-balance effectiveness noticeably
at small angles of attack and tended to Increase the anguler ranges
for maximum balance at a glven Mach mumber.

2. The overhang-balanced flep was slightly more effective in
producing 1ift than a compareble plain flsp at Mach numbers below 1.05.
Between Mach numbers of 1.05 and 1.17, the converse was true.

3. The overhang-balanced flsp tested appeared to be completely
Ineffective in reducing the negative hinge moment due to angle of
attack; at subsonlc speeds the hinge moments- of the overhang-balanced
flap were slightly greater than those measured on en equivalent plain
flap. B :

4. The 31-percent-flap-chord overhang balance reduced the hinge-
moment variation with flap deflection ebout 30 percent at Mach numbers
below 0.90. Between Mach numbers of 0,90 and 1.00 the overhang balance
apparently lost all its effectiveness, and at Mach numbers above 1.00
there was no appreciable differance between the hinge moments of the
overhang-balanced flap and those of an equivalent plain flap.
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5. The overhang-balanced flap tested showed no promise as an
effective aerodynamic balance at transonic or supersonic speeds; however,
becguse the degree of subsonic balance was low, perhaps further -
attention should be given to similar flaps having 1arger overhangs
than 31 percent of the flap chord.

Langley Aeronsutical Laborstory
Nationsl Advisory Committee for Aeronsutics
Langley Air Force Base, Va.
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